Diabetic nephropathy is a major microvascular complication of diabetes, affecting 20 % to 40 % of diabetic patients [1] . It is an independent risk factor for cardiovascular disease and is associated with increased morbidity and mortality [2] . The glucose-induced oxidative stress and persistent inflammatory condition can cause deleterious renal changes contributing to the pathophysiology of diabetic nephropathy [3] . Increased reactive oxygen species production and reduced availability of antioxidant mechanisms can influence the renal function and structure by modulating cell growth, apoptosis, and inflammatory responses [4] . Also, early diabetic nephropathy is associated with glomerular hyperfiltration, cytokine release and tissue proliferation, processes that have been linked to progression of the kidney disease [5, 6] .
Introduction
Diabetic nephropathy is a major microvascular complication of diabetes, affecting 20 % to 40 % of diabetic patients [1] . It is an independent risk factor for cardiovascular disease and is associated with increased morbidity and mortality [2] . The glucose-induced oxidative stress and persistent inflammatory condition can cause deleterious renal changes contributing to the pathophysiology of diabetic nephropathy [3] . Increased reactive oxygen species production and reduced availability of antioxidant mechanisms can influence the renal function and structure by modulating cell growth, apoptosis, and inflammatory responses [4] . Also, early diabetic nephropathy is associated with glomerular hyperfiltration, cytokine release and tissue proliferation, processes that have been linked to progression of the kidney disease [5, 6] .
Inhibitors of the renin-angiotensin system inhibitors are commonly used to decrease glomerular hyperfiltration, reduce proteinuria and delay progression of diabetic nephropathy [7] . Telmisartan, a selective angiotensin receptor blocker have shown to provide renal benefit at all stages of nephropathy in diabetic patients [8, 9] . Some investigators have shown that telmisartan also possesses anti-inflammatory and antioxidant properties [10] . However, blockade of the renin-angiotensin system does not completely arrest kidney disease progression and many patients pass to end-stage renal disease [7] .
Recently, selective Sodium Glucose Cotransporter 2 (SGLT2) inhibitors have been developed for use in patients with type 2 diabetes [11, 12] . Canagliflozin is a selective SGLT2 inhibitor, developed for treatment type 2 diabetes, showing improved glycemic control, both as monotherapy and in combination with other antidiabetics [13, 14] . More recently, treatments with SGLT2 inhibitors have been reported to prevent the features of diabetic nephropathy including glomerular hyperfiltration and mesangial matrix expansion in diabetic animal models [15, 16] . Beyond their antihyperglycemic properties, use of SGLT2 inhibitors was associated with additional non-glycemic benefits including reduction in blood pressure, plasma uric acid and body weight in diabetic patients [17, 18] . However, the results to date examining the renal protective effects of SGLT2 inhibitors in both clinical studies and animal models of diabetic nephropathy are not consistent. So, the present study examined the possible protective effects of canagliflozin in comparison with telmisartan against kidney injury and dysfunction in diabetic rats. The study also investigated the mechanisms underlying the renoprotective effects, focusing on antioxidant, anti-inflammatory and antiapoptotic properties, in an animal model of diabetic nephropathy.
Materials and Methods

Animals
Sixty adult male Wistar rats, weighing 220-250 g (8-10 weeks old), were purchased from the Animal Care Unit, Umm al-Qura University. Animals were housed in cages (four per cage) at constant temperature (22-24ºC) and light-controlled room on an alternating 12:12-h light/dark cycle. Rats had free access to commercially available rat pellet diet and water ad libitum. The experimental protocol was approved by the local research ethics committee, College of Medicine, Umm al-Qura University. Experimental procedures were carried out in accordance with international guidelines for care and use of laboratory animals.
Drugs and chemicals
Canagliflozin (Janssen Pharmaceuticals, Inc., UK) was given orally at a dose of 20 or 40 mg/kg/day [14] , for 8 weeks. Telmisartan (Boehringer Ingelheim, Germany) was given orally at a dose of 5 or 10 mg/kg/day [10, 19] , for 8 weeks. All other chemicals and reagents used were of analytical grade obtained from Sigma Chemical Company (St Louis, Mo., USA).
Induction of experimental type 2 diabetes
After an overnight fasting, diabetes was induced in rats by Intraperitoneal (IP) injection of nicotinamide (230 mg/kg), 15 min prior to the injection of single dose of streptozotocin (60 mg/kg, IP), freshly dissolved in 0.1 M cold sodium citrate buffer (pH 4.5) [20] . Control rats received equal volumes of the vehicles alone. The random glucose concentration in blood, taken every other day from tail vein, was determined by means of reactive strips and read with a reflectometer. Rats with moderate hyperglycemia (non-fasting blood glucose above 250 mg/dl) were considered diabetic and included in the study.
Treatment protocols
One week after the overt diabetes, rats were randomly divided into six groups, each of 10 animals. Group 1 served as the non-diabetic control and received only the vehicles. Group 2 served as the diabetic control injected with nicotinamide and streptozotocin as above, but not given any of the test medications. Group 3 and 4 included diabetic rats treated for 8 weeks with oral canagliflozin in a daily dose of 20 and 40 mg/kg, respectively. Group 5 and 6 included diabetic rats treated for 8 weeks with oral telmisartan 5 and 10 mg/kg/day, respectively. Body weight, water intake and food intake were monitored weekly for all groups. At the end of the study period, all rats are subjected to blood pressure measurements, 24-hour urine collection, and blood and tissue sampling.
Blood pressure measurements
Blood pressure was measured by the indirect method using a tail cuff blood pressure measuring system (Harvard Apparatus Ltd, Edenbridge, Kent, England). The mean of three successive measurements was used as the blood pressure estimate. Mean arterial blood pressure was calculated using the equation: diastolic blood pressure +1/3 (systolic blood pressure-diastolic blood pressure).
Collection of 24-hour urine
To determine the daily urine volume, each animal was put into the metabolic cage with food and water, awaiting spontaneous micturition. The collected urine for 24 hours was measured and then centrifuged for 5 min at 1500 rpm and the clear supernatant was stored at -20ºC and thawed just before use for determination of creatinine and albumin content. Urinary Albumin Excretion (UAE) rate (mg/24 hours) was determined by the Bradford method [21] using a 1/20 dilution of urine in distilled water.
Plasma and tissue sampling
After an overnight fast, rats were anesthetized with pentobarbital (50 mg/kg IP), and blood samples were obtained by cardiac puncture and collected in tubes containing heparin. The blood samples were then centrifuged for 10 min at 3000 rpm to obtain clear sera, stored at -80ºC until assay. Rats were then sacrificed by exsanguination and the kidneys were quickly removed, washed with ice-cold 0.9 % saline solution, weighed, and processed for tissue biochemical analysis and histopathological examination.
Biochemical measurements
The separated samples were used for biochemical analysis of plasma glucose, Glycosylated Hemoglobin (HbA1c), UAE, Blood Urea Nitrogen (BUN), serum creatinine, creatinine clearance, TNF-α, TGF-β1, caspase-3, Total Oxidant Status (TOS) and Total Antioxidant Capacity (TAC) levels.
Blood glucose and glycosylated HbA1c
Fasting blood glucose levels were determined by glucose meter (Accu-Chek; Roche Diagnostics, Mannheim, Germany), and HbA1c levels were assayed according to the method of Nayak and Pattabiraman [22] .
Kidney function parameters
The BUN concentrations, serum and urinary creatinine levels were measured by an enzymatic assay method using commercial kits (Roche Diagnostics GmbH) and Hitachi automatic analyzer (Hitachi Co. Ltd, Tokyo, Japan). Creatinine clearance (reflecting glomerular filtration) was calculated using the formula: Creatinine clearance (ml/min) = Urine creatinine × 24-h urine volume/serum creatinine × 1440.
Tumor Necrosis Factor alpha (TNF-α)
Serum levels of TNF-α were measured using commercially available ELISA kits according to the manufacturer's instructions (R&D Systems, Minneapolis, MN, USA). Color intensity of the enzymatic indicator reaction was measured photometrically at 450 nm in an ELISA plate reader, with a minimum detectable level 0.5 pg/ml.
Transforming Growth Factor beta (TGF-β1)
Serum levels of TGF-β1 were measured using an ELISA kit (Quantikine) according to the manufacturer's guidelines. This assay employs the quantitative sandwich enzyme immunoassay technique and levels are expressed as ng/ml.
Serum caspase-3
Quantitative determination of serum caspase-3 was performed using Colorimetric Assay Kits. It involves conversion of a specific chromogenic substrate for caspase-3 followed by colorimetric detection of colored end-product (p-nitroaniline, p-NA) whose absorbance is directly proportional to the respective caspase-3 concentration (U/ml).
Serum total oxidant status and total antioxidant capacity
The Total Oxidant Status (TOS) in serum was determined using an automated measurement method developed by Erel [23] , and results were expressed as micromolar H 2 O 2 equivalent per litre (μmol H 2 O 2 equiv/L). The Total Antioxidant Capacity (TAC) of serum was determined using the automated measurement method [24] , and results were expressed as mmol Trolox equiv/L.
Kidney sample preparation
Isolated kidneys were used for biochemical analysis of antioxidant status in tissues, TUNEL assay for apoptotic cells, in addition to histopathological examination.
Biochemical studies of tissue oxidative status
The renal cortex of right kidney was separated, kept frozen in liquid nitrogen at -80ºC and subsequently homogenized in cold potassium phosphate buffer (0.05 m, pH 7.4). The homogenates were centrifuged at 5000 rpm for 10 min at 4ºC and the supernatant fraction is used for further analyses. Levels of Malondialdehyde (MDA) were determined using colorimetric assay kits according to manufacturer's instructions (Biodiagnostic, Cairo, Egypt) [25] . Activities of Glutathione Peroxidase (GSH-Px) and Superoxide Dismutase (SOD) were assayed using commercial kits (Randox Laboratories, Barcelona, Spain), according to the method of Arthur and Boyne [26] .
Terminal Transferase-mediated dUTP Nick-End Labeling (TUNEL) assay
The apoptotic nuclei were detected by a Transferase-mediated dUTP Nick-End Labeling (TUNEL) assay of kidney sections using peroxidase and counterstaining with hematoxylin and PAS stain [27] . Kidney samples were incubated with an in situ apoptosis detection kit (Takara Bio) according to the manufacturer's protocol. The mean number of TUNEL-positive cells in interstitia per high power field (number/HPF) was determined by observing more than 10 interstitia from each section.
Histopathological examination
Left kidneys were fixed in 10 % formalin solution, dehydrated and embedded in paraffin. Tissue sections of 5 μm thick were taken stained with Hematoxylin and Eosin (H-E). Samples were examined under light microscope by a pathologist unaware of the treatment protocol. The glomerular matrix expansion index was scored in four levels from 0 to 4, as follows: 0, normal glomeruli; 1, matrix expansion occurred in up to 25 % of a glomerulus; 2, matrix expansion occurred in 25-50 % of a glomerulus; 3, matrix expansion occurred in 50-75 % of a glomerulus; and 4, matrix expansion occurred in 75-100 % of a glomerulus [28] . Scores were assigned for at least 30 glomeruli from kidney sections for each rat, and the means were calculated.
Statistical analysis
All data are expressed as mean ± SEM. Results were analyzed using SPSS computer software package version 19.0 (Chicago, IL, USA).
Multiple groups were compared using one-way Analysis of Variance (ANOVA) followed by post-hoc Kruskal-Wallis and Mann-Whitney U tests. Simple pairwise comparisons were performed using Student's t-test where appropriate. Differences of P<0.05 were considered statistically significant.
Results
Effect on body weight, blood pressure and hyperglycemia
Body weight of rats in different groups showed insignificant changes throughout the study period. Measurement of blood pressure showed no significant differences between various groups after 8 weeks of study, apart from a mild but significant reduction in mean arterial blood pressure observed in group 6, after treatment with high dose of telmisartan (Table 1 ).
Blood glucose and HbA1c levels were significantly elevated in diabetic groups compared with normal control group. Canagliflozin treatment, at both doses, produced a significant reduction in blood levels of glucose and HbA1c compared with those in the non-treated diabetic group. However, telmisartan treatment did not produce significant effect on blood glucose and HbA1c levels compared with non-treated diabetic rats (Table 1) .
Effect on renal function parameters
Monitoring of kidney function parameters showed significantly higher serum levels of BUN and creatinine in diabetic rats compared with normal control animals. Treatment with canagliflozin, at both doses, produced a significant reduction in BUN and creatinine levels and this reduction was dose-related. Also, telmisartan treatment produced a significant dose-related reduction in BUN and creatinine levels compared with non-treated diabetic rats.
Assessment of albuminuria, a characteristic feature of diabetic nephropathy reflected by albumin excretion rate, showed significant increase in diabetic group compared with non-diabetic control group. Treatment with either canagliflozin or telmisartan leads to significant dose-related reduction in urinary albumin, compared with non-treated diabetic rats.
Daily urine volume showed significant increase in diabetic groups, compared with non-diabetic control rats. Determination of creatinine clearance showed significantly lower levels in non-treated diabetic group and these levels were significantly increased in groups treated with either canagliflozin or telmisartan. No significant differences were observed between effects of high doses of either canagliflozin or telmisartan on BUN, creatinine, creatinine clearance or UAE. Changes in kidney function parameters are summarized in table 2.
Effect on serum levels of inflammatory, apoptotic and oxidative markers
Concentrations of the inflammatory cytokine TNF-α were significantly increased in diabetic group compared with non-diabetic control group (138.2±9.8 versus 64.3±4.5 pg/ml). These TNF-α levels were significantly reduced by canagliflozin treatment at both doses, and more marked reductions were observed in telmisartan-treated groups especially at a higher dose (Figure 1a) .
Similarly, levels of the fibrotic cytokine TGF-β1 showed significant increase in diabetic rats compared with non-diabetic controls (16.4±1.3 versus 6.8±0.4 ng/ml). The elevated TGF-β1 levels were significantly reduced in treated groups given either canagliflozin or telmisartan, with more marked reduction observed in the group treated with high dose of telmisartan, indicating a prominent anti-inflammatory effect (Figure 1b) . Serum levels of the apoptotic marker caspase-3 showed significant elevation in diabetic group compared with non-diabetic control group (658.7±26.2 versus 471.5±21.6 U/ml). The elevated caspase-3 levels were significantly reduced in treated groups given either canagliflozin or telmisartan, with more marked reduction observed in the group treated with high dose of canagliflozin, indicating a marked anti-apoptotic effect (Figure 1c ).
The levels of serum total oxidant status of non-treated diabetic rats were significantly higher compared with control rats (27.9±1.8 versus 16.8±1.1 μM/L), and these levels were significantly reduced in treated groups given either canagliflozin or telmisartan, at both dose levels (Figure 1d ). In contrast, levels of serum total antioxidant capacity in diabetic rats were significantly lower compared with non-diabetic control rats (1.8±0.1 versus 3.5±0.3 mM/L). These levels were significantly increased by canagliflozin treatment at the high dose and by telmisartan treatment at both doses (Figure 1e ).
Effect on tissue oxidative stress
Kidney weight and relative kidney weight were significantly higher in diabetic groups compared with control rats, but no significant differences were observed between treated and non-treated (Table 1) . This increased kidney weight may reflect renal inflammatory process in diabetic rats.
Tissue MDA levels were significantly increased in kidneys of diabetic rats compared with non-diabetic controls (7.5±0.5 versus 4.6±0.3 nmol/mg protein). These levels were significantly reduced by treatment with either canagliflozin or telmisartan (Figure 2a) . However, activities of the antioxidant enzymes; GSH-Px, and SOD; showed marked reductions in non-treated diabetic rats, and these levels were significantly increased in groups treated by both canagliflozin and telmisartan (Figure 2b & 2c) .
Effect on cellular apoptosis
Assay of TUNEL staining confirmed that cellular apoptosis was promoted in diabetic kidney compared with normal control group. The number of TUNEL-positive apoptotic cells was significantly decreased in diabetic groups treated with either canagliflozin or telmisartan at both doses, but canagliflozin effect was significantly more marked on renal cell apoptosis than telmisartan (Figure 2d ).
Histopathological changes
Examination of kidney specimens showed several glomerular and tubule-interstitial alterations in diabetic rats compared with non-diabetic control group. Observed lesions included mesangial expansion, nodular sclerosis, hyalinosis, glomerular atrophy, and thickening of basement membrane of both glomeruli and Bowman's capsule. Diabetic rats treated with both canagliflozin and telmisartan presented marked attenuation of the kidney lesions, indicated by the reduction of glomerular fibrosis and diminished glomerulosclerosis. Also, mesangial expansion, hyalinosis and glomerular basement membrane thickening were markedly reduced, compared with non-treated diabetic rats (Figure 3) . The glomerular matrix expansion score was found to be highest in the non-treated diabetic group and significantly reduced in a dose-dependent manner in all treated groups, especially those given the higher doses of either canagliflozin or telmisartan (Figure 2e ).
Discussion
The SGLT2 inhibitors are newly developed antidiabetic agents that interfere with renal glucose reabsorption. Many preclinical and clinical studies have demonstrated that SGLT2 inhibitors can reduce blood glucose and HbA1c, independent of pancreatic β-cell function or insulin sensitivity [12, 13, 29] , but the effects of SGLT2 inhibition on renal structure and function have not been clarified. Therefore, we used a rat model of streptozotocin-nicotinamide induced diabetes to compare the protective effects of canagliflozin and telmisartan, on the development and progression of diabetic nephropathy and to investigate the possible underlying mechanism of action. It has been noted that nicotinamide administration with streptozotocin affords partial β-cell protection, to provide a model of insulin-deficient, but not insulin-resistant, form of type 2 diabetes characterized by stable, moderate hyperglycemia, with 60 % loss of β-cell function [20] . This animal model was shown to develop kidney affection and exhibit features of diabetic nephropathy after 8 weeks of hyperglycemia [28] .
Current results showed that, after 8 weeks of hyperglycemia, diabetic rats developed significant impairment of renal function and histopathological alterations, associated with increased levels of some inflammatory, oxidant and apoptotic markers. Treatment of diabetic rats with either canagliflozin or telmisartan produced impressive dose-related reduction in the amount of albuminuria in parallel with the decrease in other renal function parameters. Both treatments lead to reduced levels of markers of inflammation, oxidative stress and apoptosis in diabetic rats. Moreover, kidney tissue oxidative stress, renal cell apoptosis and histopathological alterations were attenuated in all treated groups. The renal protective effect of canagliflozin may be related, in part, to amelioration of hyperglycemia and decreased HbA1c observed in canagliflozin-treated rats. However, telmisartan treatment produced similar renal protective effects without detectable reduction of blood glucose or HbA1c levels.
Many pathogenetic mechanisms have been suggested to contribute to the development of diabetic nephropathy. It is widely known that prolonged hyperglycemia can induce inflammatory changes and microalbuminuria progressing to nephropathy [30] . In diabetic kidney, macrophage accumulates and its activation is associated with glomerular immune complex deposition, increased cytokine production, and progressive fibrosis [31] . Renal expression of TNF-α, was demonstrated to increase in diabetes, contributing to the development of nephropathy [32] . Also, TGF-β1, is recognized as an important factor in the pathogenesis of diabetic nephropathy by mediating extracellular matrix accumulation and accelerating glomerular fibrosis in diabetic kidney [33] . Current results showed that treatment with either canagliflozin or telmisartan, produced significant reduction in the elevated levels of TNF-α and TGF-β1, and telmisartan was more potent in this respect. Telmisartan activation of the nuclear Peroxisome Proliferator-Activated Receptor-γ (PPAR-γ) may contribute to its effect on inflammatory markers and amelioration of kidney disease [34] . These anti-inflammatory effects could alleviate matrix accumulation in the diabetic kidney as observed in histopathological examination.
Moreover, several studies have demonstrated the importance of oxidative stress and apoptosis in the pathogenesis of diabetic nephropathy [3, 35] . The elevated total oxidant status and decreased antioxidant capacity of serum were corrected by both canagliflozin and telmisartan treatment. Furthermore, the kidney of treated diabetic rats showed lower MDA levels and higher activities of antioxidant enzymes, GH-Px and SOD. Taken together, these findings suggest that canagliflozin and telmisartan treatments can attenuate diabetes-induced oxidative stress in the kidney of diabetic rats. In addition, canagliflozin treatment reduced serum levels of caspase-3 and decreased number of TUNEL-positive apoptotic cells in a dose-dependent manner. Telmisartan treatment produced a similar effect, although to a lesser degree than canagliflozin. Consistent with the above results, treated diabetic rats showed marked morphologic improvement of kidney lesions with attenuated glomerular sclerosis and mesangial matrix expansion, especially at the high doses of either canagliflozin or telmisartan. Therefore, we propose that the observed renoprotective effects in treated diabetic rats could be a consequence of an antioxidant and antiapoptotic effects.
A few studies have addressed the renal protective effects of SGLT2 inhibitors in comparison with the renin-angiotensin system inhibitors. Kojima et al., [16] , found that control of hyperglycemia with luseogliflozin, given alone or in combination with lisinopril, could attenuate the development of renal injury in diabetic Dahl salt-sensitive rats treated with streptozotocin. Also, Komala et al., [36] , reported that empagliflozin does not have renoprotective benefits independent of glucose lowering, while telmisartan attenuated albuminuria, improved glomerulosclerosis and tubulointerstitial inflammation, in endothelial nitric oxide synthase knockout mice with streptozotocin-induced diabetes. This may indicate that SGLT2 inhibitors have lower renoprotective effect in type 1 diabetes than angiotensin inhibitors. Telmisartan has been shown to improve endothelial function in patients with normoalbuminuria, delays progression to overt nephropathy in patients with microalbuminuria and reduces proteinuria in patients with macroalbuminuria [8, 9] . Some investigators have shown that telmisartan also possesses anti-inflammatory and antioxidant properties [10, 19] . Telmisartan was shown to be more effective than valsartan in lowering albumin excretion and reducing renal inflammation in a rat model of metabolic syndrome [37] . Proposed mechanisms for renal protection include decreased glomerular pressure, reduced albuminuria and suppressed collagen formation by decreasing TGF-β1 stimulated by angiotensin [7] .
There are some data to support the potential for a direct renoprotective effect arising from inhibition of SGLT2, including actions to attenuate diabetes-associated hyperfiltration and tubular hypertrophy, as well as reduce the tubular toxicity of glucose. The SGLT2 inhibitors can produce a renal protective effect through reduced glomerular hyperfiltration and decreased intraglomerular pressure by activating tubule-glomerular feedback, comparable to the effect of renin-angiotensin inhibitors that act by dilating efferent arterioles. This is supported by data demonstrating that canagliflozin reduces estimated GFR and proteinuria within three weeks in patients with type 2 diabetes and estimated GFR values between 30-50 ml/min/1.73 m 2 [13] . Similar reduction in GFR has been observed to occur with empagliflozin treatment in patients with type 2 diabetes and chronic kidney disease [38] .
Some studies have demonstrated significant reductions in albumin excretion in experimental models, independent of its effects on blood pressure or glucose control. It has been demonstrated that, tofogliflozin can reduce albuminuria and glomerular hypertrophy in db/db mice [39] . Also, luseogliflozin slowed the progression of diabetic nephropathy in diabetic rats [40] . Moreover, dapagliflozin was shown to slow progression of diabetic nephropathy with reduced hyperglycemia and albuminuria in db/db mice. Dapagliflozin also suppressed apoptosis and decreased caspase-12 expression in cultured renal proximal tubular cells [41] . Also, Tahara et al., [42] , have shown that, ipragliflozin can reduce plasma and liver levels of markers of oxidative stress and inflammation, with improving glycemic control in diabetic mice. On the other hand, Vallon et al., [43] , have shown that SGLT2 knockout attenuated hyperglycemia and glomerular hyperfiltration, but not renal injury markers, oxidative stress or inflammation in streptozotocin-induced diabetes model. This discrepancy may be related to the different animal model of diabetes used and the toxic effect of streptozotocin itself. A recent clinical trial suggests that dapagliflozin reduces albuminuria in diabetic patients than placebo, despite having little effect on glycemic control [44] . Current results demonstrated that, the renal protective effect of canagliflozin was comparable and not inferior to that observed with telmisartan in diabetic rats. Canagliflozin showed less anti-inflammatory but more anti-apoptotic effects than telmisartan, and both drugs improved the kidney function and slowed progression of diabetic nephropathy in a rat model of streptozotocin-nicotinamide induced diabetes. However, further studies are needed to assess the possible additive effects of combining both renin-angiotensin inhibitors with SGLT2 inhibitors on renal hemodynamics and kidney protection in type 2 diabetes.
Conclusion
The SGLT2 inhibitor, canagliflozin, possesses a renoprotective effect comparable to that produced by telmisartam, reducing albuminuria and attenuating the pathologic changes of diabetic nephropathy in rats. Although, glucose-lowering action can contribute to its renoprotective effects, canagliflozin probably exerts other renal protective effects beyond the glycemic control. The possible
